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ea ABSTRACT? “Whe electron paramagnetic resonance spectra of single- 
ee crystal Kc] -and NaCl activated with WiCclg were measured 23 functions ~ 
of the activator concentration and compared with the optical absorp~ . 
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’.? Gal pands correspond to this phase- The EPR spectra were measured 
“at room temperature and r9700 Mcs with the aid of a spectrometer 
-v with high frequency modulation and automatic frequency control 

| against the working cavity. me crystals measured 5 * 5 x 5 mm and 
“were grown from the melt by the Kiropoulos method. The activator 
on xanged from 0.5 to 1.0 mol.%. The results show tnat 
go EPR is observed in NaCi-Ni crystals with low activator concentra- ' 
>. tion. The threshold concentration was 0.03 mol.% for Nac and more 

i than. 0.06 % for KCl. The microwave absorption increased noticeably 

> with increasing activator concentration. In NaCl1-NiCly erystals 
“with high activator concentration there is observed an NiCl2 phase 
; . corresponding to an: optical absorption panda with maximum at 460 nm |” 
- Orig. art. has: 3 figures. and 1 table. 
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Dissertation: "Infinitesimal Deflections of the Surfaces of Zero Curvature 


22/11/50 
Sci, Res, Inst. of Mathematics, Moscow Stute U. iment, 
M, V, Lomonosov. 


sO Vecheryaya [fvioskva 
Sums Fi 


APPROVED FOR RELEASE: 03/14/2001 CIA-RDP86-00513R001342820015-5" 


os b. G. infinitesimal deformations of ‘polygonal 
; y Akad. Nauk SSSR (N.S.) 78, 205-207 
(1954). (Russian): 
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| $=1, 2, ---, 2, Iet.S; be a piece of ruled surface, with gester- 
~ | ators’ paralfel to these planes, which is bounded by two 
4 generators and two curved edges Li, Leys. By gluing the.S; 

"| along the curved edges in circular order, the author obtains - 
a surface whose boundary consists of two plane polygons. _ 
He-terms this surface a: ‘polygonal trough. In the casen=3 — 

{he finds that the trough is rigid under infinitesimal deforma- 
tions whose field of translation is single-valued on the 
a *_ edges. For general #, he studies rigidity under infinitesimal 
« deformations for which the field of rotation is also single- 
“| ‘vallied of the edges. He finds that rigidity im this cense is” eis 
equivalent to the existence of at least two sections of the ... 
| trough by planes parallel to 1’, 2" which define nonsimilar 
j polygons of nonzero area. Proofs are omitted... 
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Gives an expanded exposition of results previously preserted by the author in 
a short note ( "Infinitely Small Bucklings of Malti-angular Chamels ," DANSSSR, 
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each of which ig bounded by two of ite om rectilinear generatricies and two curves 
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AUTHOR POZNJAK E.Go 

TITLE Approximation of the infinitely small deformations of the 


surfaces with the curvature zero. 
PERIODICAL Doklady Akad. Nauk 110; 511-514 (1956) 
reviewed 5/1957 


The field of velocity of an arbitrary infinitely small deformation of the 
non-plane surface 3 with zero curvature on every rectilinear generator of S 
js at the same time the field of velocity of the motion of this generator. 
This earlier result of the author (Mat.Sbornik,n.Sers 32, 681 (1953)) induces 
him to conjecture that the fields of velocity of the snfinitesimal deformations 
of S can be approximated by the fields of velocity of the infinitesimal 
deformations of certain prismatoids s_ which approximate the surface S. For a 
simoly connected piece of an arbitrary surface with zeTo curvature the 
possibility of this approximation ig provede Besides the approximation of 
infinitely gnall deformations of polygonal grooves is investigated. The 
groove is & surface being homeomorphic to the torus which is pasted of 


approximative methods the total manifold of the infinitely amall deformations 
of such grooves js determined. 


INSTITUTION: Lomonossov University, Moscow. 
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TITLE: On the stability of rotors endowed with anisotropic properties. 


: £ SOURCE: Akademiya nauk SSSR. Institut mashinovedeniya. Problemy prochnosti 
: vy mashinostroyenii. no.7. 1962, 58-74. 


TEXT: The. stability of a rotor under various kinds of action by non-conservative 
forces is examined. All forces are assumed to be linear functions of the displace- 
‘ments, velocities, and accelerations; the rotor is assumed to be rigidly attached to 
a drive engine which exerts a moment sufficient to ensure the maintenance of a con- 
stant angular velocity of rotation of the rotor. The anisotropy investigated is that 
introduced by the particular design features of the given rotor bearings and the zo 
_ driveshaft, as well as by the applicable characteristics of the forces that arise in eae 
‘the motion of the rotor. The analysis stems from the approximate treatment of this ee 
problem by D.M.Smith (Roy.Soc., Proc+, v. A142, no. 846, 1933). The rotor is re- 
garded as an ideally balanced disk of mass M, placed at the center of a masslesa 
circular shaft with rigidity c, and rotating at a constant angular velocity: The ends 
of the shaft are viewed as supported by two identical massless flexible bearings 
____-which have different rigidities along two principal directions. The bearings are 
“imagined as moving with an x-wise velocity u anda y-wise velocity y relative toa 
fixed system of coordinates; meanwhile the rotor moves within the moving system of 
\ _ the Hey haa while translating along. with the bearings. The rotation of the shaft ae, 
eCard 1/3 eae 
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. evokes within it isotropic internal-friction forces that are proportional to the veloc::y 
MA ~—Sséoof: displacement of the disk relative to axes which revolve together with the shaft anc 
m- translate with its bearings. No external friction forces, arising in the translatior. nes 
of the bearings, are taken into consideration. The differential equations of motion Pag Ee rast 
and the force equations lead to a sixth-order equation relative to the damping coef- Chaat. 
ficient; application of the Routh-Gurvits stability discriminant is so cumbersome ao 
- that construction of'the Vyshnegradskly diagram in the plane of some two parameters 
appears preferable. Stability boundaries are found and compared with D.M.Smith's aes 
approximate findings {reference cited in Card 1/3). The effect of external bearing Ba | 
friction is examined separately. A second analysis investigates the case of an un- pte 
: - balanced disk, placed at the midpoint of a shaft which is supported by two absolutely oa: 
om § rigid bearings and which has two different flexural rigidities along two principal di- ; 
= ‘rections. It is shown that the uniform rotation of such a shaft is characteristic of 
a non-concervative system in the presence of restoring forces alone (in the absence 
of such forces as external and internal friction, circulating forces, etc.). The range seas 
of angular velocities in which the disk performs a reverse synchronous precession Bess 
with finite amplitude is shown. It is demonstrated that a shaft with two different 
rigidity values produces two differently constituted instability regions, but that these a 
two regions may fuse into one if the external friction forces are small. In addition 8 
to the anisotropy caused by peculiarities of the rotor design and its bearings, the 
-. effect 71 the anisotropy derived from the properties of the forces that arise in the 
- Gard 2/3 ad ad 8 
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"On the stability.of rotors... i _- §/740/62/000/007/003/004. 


fa; motion of the rotor in a rotating hydrodynamic or electromagnetic field is analyzed.” - —-=—- 
im The stability of the system of equations of motion can be investigated by ordinary . - PD 
#-° methods. However, in order to avoid the complexity of such an approach, the eens 
' effect of each type of force is first analyzed separately. The forces arising in the ao 
rotor as a result of displacement, rate, and second rate are reduced to a special 
form by subtracting the ordinary elastic, damping, and inertial forces appearing 
-. therein. The components of the resulting special forces are found by a tensor a. F 
_ approach similar to that set forth by the author (Akad.n.SSSR, Izv., Otd.tekhn.nauk, . ae 
* WMekhanika i mashinostroyeniye,"'no.4, 1966). The newly defined "circulational - 
forces" employed jn this tensor approach are understood to be at all times perper- 
dicular to the.respective displacement, velocity, and acceleration vectors. It is 
shown that the circulational forces of zeroth order are nonconservative. The Routh- 
.. Hurwitz criterion is applied to the characteristic equation of such a system, and the 
_ dependence of the stability of the system on the damping forces and their anisotropy | se 
is manifested. It is of interest to note that in certain conditions the circulational 


eee 


[a forces may stabilize a system which, under the action of potential forces alone, 
mi. would be unstable, e.g.. when a strong magnetic force field acts on a rotor or when 
a a significant longitudinal force obtains. There are 7 figures and 12 references (8 


: ‘Russian-language Soviet and 4 English-language). 
= ASSOGIATION: None given. . 
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PITLE: On the stability of saefts beyond the criticeul rovation 
speed. (Ob ustoychivosti valov 28 kriticheskimi 
skorostyami vrashcheniya). 


PERIODICAL: "Tavestiya Alcademii Nauk Otdeleniye Tekhnicheskikh Nauk", 
(Bulletin of the Ac.sSc., fechnical Sciences Section), 
1957, No.5, pp.104-107 (U.8.8.R.) 


ABSTRACT : Internal friction is et present being taken into 
consideration on the basis of two hypotheses. Focht assumes 
thet there is proportionality between the internal friction 

forces am the deformation speed so thet the energy loss 
during a cycle of forced oscillations js a linear function 
of the frequency, 4 bypotnesis which is not confirmed by 
experiment. According te another nypothesis the eneréy loss 
per cycle does not depend on the frequency out only on the 
amplitude of the deformation. External friction is assumed 
as being a linear function or the absolute speed of 
displacement. Appiicaticn of the hypothesis of Focht to 
whirling shafts (2 and 4) leadsto the conclusion that 
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eway from the critical speed, whilst on the basis of the 
gecond mentionse hypothesis, F-m. Dimentberg (4) concludes 
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On the stability of shafts peyond the critical rotation 
speed. (Cont.) 2h-5-13/25 


to change to a more accurate hypothesis on internal friction, 
particularly as regards the dependence of the energy loss 
per cycle on the frequency, the magnitude of the static 
stresses etc. and aiso to change over from investigating 

the stability "in a small range" to studying the gtability 
"on a larger scale", i.e. to change over to non-linear 


differential equations. 
There are 2 figures and 11 references, 8 of which are Slavic. 
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Akademiya nauk SSSR. Institut mashinovedeniya 


Problemy prochnosti v mashinostroyenii, vyp. 1 (Problems of 
Strength in Machinery Construction, Nro-1) Moscow, Izd-vo 


AN SSSR, 1958. 105 p. 3,000 copies printed. 


Resp. Ed.: §.V. Serensen, Academician, Academy of Sciences, 
UkrSSR; Ed. of Publishing House: V.1. Mitin; Tech, Ed.: 
O.M. :Gus'kova. 


PURPOSE: ‘This collection of articles 4p intended for scientific 
research workers and engineers concerned with problems of 
vibrations in revolving shafts. 


COVERAGE: This collection of articles deals with vibrations in 
rotary motion. Topics discussed include the influence of 
internal friction on the vibrational stability of revolving 
shafts, nonlinear vibration of shafts peyond critical speeds, 
flexural unsteady-state vibrations of a flexible rotor with 
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Problems of Strength in Machinery (Cont. ) sov/2561 


two equal unbalanced masses, and fiexural unsteady-state 
vibrations of flexibly supported rotors, taking the gy- 
roscopic effect into account. No personalities are 
mentioned. References follow several of the articles. 


TABLE OF CONTENTS: 


Poznan eg Effect of Resistance Forces on the Stability 
of Rotatin hafts 
The author discusses the effect of internal friction 
and similar forces (e.g., friction between hub and 
shaft) on the stability of rotating shafts subjected 
to very small disturbances. An experimental inves- 
tigation of stability 1s described, and the results 
are analyzed. 


Bolotin, V.V. Nonlinear Vibrations of Shafts Beyond Critical 
Speeds of Rotation 25 
The purpose of the investigation presented in this 
article is to obtain general patterns for the effect 
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of internal friction in rotating shafts at speeds of 

rotation above the critical. The author analyzes the 
rotation of a single-disk weightless shaft vibrating 

at a frequency low enough to exclude the possibility 

of deviation of the disk. 


Gusarov, A.A. Flexural Unsteady-state Vibrations of a 

Flexible Rotor With Two Equal Unbalanced Masses 
The author uses a previously obtained solution for 
the analysis of the transition through critical speeds 
of a shaft with two disks of equal weight, placed 
equidistant,from the supports, and having differently 
located disbalance vectors. Two cases are discussed, 
1) when the eccentricities of the disks are equal, 
and 2) when they are unequal. The use of the results 
for the dynamic balancing of flexible rotors with two 
equal masses is explained. 
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Grobov, V.A. Unsteady-state Flexural Vibrations of 

Elastically Supported Rotors, Taking the Gyroscopic Effect 

Into Account 88 
This article is an investigation of the relationship 
between gyroscopic effect and unsteady-state trans- 
verse vibrations of rotors with flexible shafts on 
elastic bearings during transition through critical 
speeds, Two cases are treated, ore in which the 
elastic supports have a linear characteristic with 
equal or different radial rigidity, and one in which 
one support is rigid, the other is elastic with a 
nonlinear characteristic, and the coefficients of 
radial rigidity are the same. 


AVAILABLE: Library of Congress 
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Oscillations of a Rotating Steel in a Magnetic Field 
(Kolevaniva vrashcnayusnch zl 'nogo serdechnika v 
magnitnon vole) 


jauchnyye do} vysshey shkoly, Blektromekhenika i 
vtomatika, © | Hr t, poe 49 - 59 (USSR) 


a 


In this pauner the oscillations of a rotating elastic rotor are 
investigated taking into account the electromagnetic forces. 

A simple electromechanical model is considered in order to 
specify the particular action of the electromagnetic forces. 

A number of simplifying assumptions are made as they are 
commonly used in the theory of an elastic shaft and in the 
pertinent electrical problem. Small oscillations of a massive 
steel core of 2 spherical shape in a magnetic field are 
investigated. The core is supposed to be mounted to u weight-— 
less vertical elastic shaft. It ig assumed that the shaft 
bearings ere absoiuteiy rigid. The influence of the gyroscopic 
effect and of the shearing forces are not taken into 
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Oscillations of a Kotating Stee. 


Magnetic Field 
consideration, Tne core is supposed to rotate with «» constant 
angular velocity. The common flexure- and torsion oscilietions 
are neglected. The displacement of the core is considered to 
be small in comparison with the dimensions of the shaft and 
to that of the air gap» Hence the modification of the 
distribution of the magnetic induction caused by the dis- 
placement of the core 1s not taken into consideration. The 
first section is concerned with the computation of the forces 
of magnetic attraction, Formula (2) is deduced and it is shown 
thet at small displacements x and y in comparison to /y (width 
of the wir gap at the zero position of the core), the forces 
of attraction are proportional to the displacement. They are 
oriented in the direction of the displacement, that is to say 
opposite to the elastic forces. In the gecond section the 
' oscillations occurring in an isotropic magnetic field are 
: investigated. It is shown that the magnetic field ceuses 4 
split-up of the critical velocity and an increase of this 
velocity. The division of the critical velocities takes place 
into two directions in an analogous manner to the case of 2 
Card 2/4 cylindrical elastic shaft rotating on elastic bearings with 
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a Magnetic Field 


a different rigidity. As the center of gravity S$ does not 
coincide with the points at which the analogous magnetic 
forces are applied the amplitudes of the forced oscillations 
are modified and the phase is shifted. For this reason these 
points are considered to be coinciding. The investigation of 
the oscillations in @ pulsating megnetic field are the subject 
of the third section. The mathematical system obtained 
consists of 2 not coupled inhomogeneous differential 
equations with periodic factors of @ Mathieu-type. Outside 
of the range of resonance determined by the parameters the 
motion exhibits a character which is essentially determined 
by the inhomogeneous factor of the differential equation 
(which represents the exciting forces).It can be maintained 
that in this case the forced oscillations have frequencies 
which ure equal to the rotational speed W ; the double field 


frequency 2 Se and to the frequenc:+4 290+ We In the fourth 

gection the oscillations in a rotating magnetic field are 

investigated. This case corresponds to that of a stator of 
Curd 3/4 a two-pole a. c. machine. The algebraic equation (6) is 
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a deduced, the roots of which represent the eimentrequencies 
in che raterine coordinate syaten The poLisatioa alors: 
asticole wea rerumenaded by the €afedrs elektricheskiih mash a 
Moskowskegs energet: taes4€5 2mataawhs (Chsde of ae pe 
Meshines ab the Moar te Izetitits of Power Ragineer’ng) > There 
ave 5 figurza sul 7 refersune2, 2 of woich are Sotiet. 


ASSOCIATION: NIL 


SUBMITTED: December 12, 197i 
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AUTHOR: Poznyax, gduard L'vovich 
of tne Moscow 


TITLE: Some Problems of tne Stcel Core Stability in the Magnetic Field 
(Nekotoryye voprosy ustoychivosti stal'nogo gocdechnike V 
magnitnom pole) 


PERIODICAL: Hauchnyy2 doklady vysshey shkoly. Elektromekhanixa i avtonatixe, 
1956, lir 2, PP 146 - 152 (uSSR) 


ABSTRACT: A circular magnetic field with an even number of pairs of 
poles is investigated» The nagnetic field rotates in the 
counter-clockwise direction at an angular speed O..In this 

field there is @ solid steel core of the mass Me It is placed 

on a vertical weightless elastic shaft having the sare pending 
strength c. The center of gravity of the core, the rotary 

axis of the shaft and the center of the magnetic field are 
assumed to coincide at the motionless core. The core is 

supposed of having come into movement by any accidental in- 
pulse. The aifferential equations for the movement of the center 
of gravity of tne core are recorded in cot i coordinates 

u and v that rotate together with the field 2 speed [3 
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Some Problems of the Stzei Core Sicbility in the soy /16 1-58-2-18/30 
Magnetic Field 


The outer and inner friction forces are not tazen into 

account and of the dissipative forces of magnetic origin 

only those are considered that are proportionel to the velo- 
city of displacenent. These forces are observed in coordinates 
that rotate together with the field. The stability of the 
field is then investigated and it is shown that the novenent 
will be unstable in tne case of the rotational speed of the 
shaft or that of the field or both of them peing greater than 
the critical core velocity and the forces of the external 
resistance being sufficiently small. In this case, the re- 
gistances of magnetic origin and the internal friction forces 
promote the "tilting" of the oscillations. The eneréy required 
ig supplied by the primary motor and by the magnetic field. 
rere are 1 figure and 2 Soviet references. 


ASSOCIATION: Kafedra elektrichneskikh mashin Haskovskogo ener eticheskogo 
instituta (Chair for Electrical Machines of the Moscow Power 
Engineering Institute 


SUBMITTED: December 12, 1957 
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‘AUTHOR: Poznyak E. L, (iioscow) 


TITLE: The Stability of an Iron Gore in a idagnetic Field (Ob 
ustoychivosti zheleznogo serdecnnika V magnitnom pole 


PERIODICAL: Izvestiya akademii nauk SSSR, Otdeleniye tekhnicheskikh 
nauk, 1958, Nr 10, pp 12-17 (USSR) 


ABSTRACT: The iron core (armature) of a motor or other such machine, 

supported by 4 weightless vertical shaft in rigid bearings is 

considered. The armature and Field are assumed to rotate at 
different (unrelated) speeds; there is an air 6§aP petween 
core and stator. The forces due to the position and to the 
motion of the rotor, assumed displaced from the symmetrical 
position by some external perturbation, are considered in 
relation to Fig.l. The first equation on P 14 gives the 
force due to position (magnetic), with the magnetic induct— 
jon given as 4 function of air gap py Bq.(1)5 Eqs.(2) and (4) 
then follow naturally (if the displacements are small). The 
yelocity—de pendent forces are then considered, (neglecting 
all but the surface layers, as the induction in the interior 
is unknown). The equations for the transverse oscillations 
are then introduced, and the stability conditions derived as 
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AUTHOR: ea ng 
TTTIB: The Stability of a Rotating Iron Core in a Magnetic Field 


PERIODICAL: Izvestiya Akademii nauk SSSR, Otdeleniye cexhnicheskikh 
nauk , Energetika i avtomatika, 1959, Nr 3, pe 19-24 (USSR) 


ABSTRACT: The problem treated by the same author in Nr 10 for 1958 

cf this journal is dealt with again; in the earlier treat- 

ment the damping forces were assumed to be ones proportional 
to the speed only. in the new treatment the dissipative 
forces are assumed to arise from friction, from magnetic 
(hysteresis ) causes, and from induced currents, these forces 
are assumed to be independent of the amplitude of the oscill- 
ation, and to vary in an arbitrary but kaown way with fre- 
quency. The theoretical treatmen® 15 merely a reworking of 
the treatment given in the earlier paper, with the same not- 
ation, The rest of the paper deais with examples closely 
related to tnose considered in tne earlier paper (all the 
basic parameters are the same). A few axperimenteal results 
are given at the end of the paper, but the way (if any) in 
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AUTHOR: Poznyak, Bb. (Moscow) 
TITLE: The Vibrations of Roters on Bearings with Mass and 


Elasticity, Taking into Account the Dynamic Properties of 
the O11 Film in a Sliding Bearing \\ 
PERIODICAL: Izvestiya Akademi nauk SSSR, Otdeleniye tekbnicheskikb 
nauk, Mekhanika 1 mashinostroyenlye, 1960,No 4, PP TO5-115 


TEXT s The behaviour of a rotating journal jn a bearing under 
conditions of hydrodynamic iubrication'in the oil film is determined 
py forces accompanying transverse {splacements . Every displacement 
produces 4 restoring force and every rate of displacement, 4 damping 
force, The force and displacement components are, in each case, v4 
related by a tensor with four terms. The restoring forcs tensor can 
be resolved into a gymmetric and a skew symmetric part. e 
components of the symmetric tensor are the stiffnesses of the oil 
film, Together with the displacement vector the symmetric tensor 
yields tne elastic force veetot, whose direction does not coincide 
with the displacement vector. The skew symmetric tensor yields 4 
vecgter which is always perpendicular to the displacements yeeter an 
is therefore sometimas known as the pseudo~gyroscopi¢ LaTes o The 
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differential equations of the forced transverse vibrations of the 
centre of the journal around a stationary point are formulated in 
terms of the principal axes of the oil film stiffness. The damping 
forces, proportional to the rate of displacement in the oil film, 
are neglected as insignificant. However, the pseudo-gyroscopie 
forces have 4 somewhat similar effect. When they are absent, 
resonant vibrations occur at shaft speeds corresponding to the 
natural frequencies pased on the journal mass and the two oil film 
stiffnesses along the principal axes. When the pseudo-gyroscopie 
forces are present, three cases are distinguished. In the stable 
case, there are two speeds of resonance. The pseudo~gyros copie 
forces do not limit the amplitude at resonances The two resonant 
speeds lie just inside the interval between the resonant speeds 
which apply in the absence of pseudo-gyroscopic forces » Between 
these resonant speeds, the journal performs an inverse synchronous 
precession. In the limiting case, the two critical speeds join 
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into one and the amplitude grows indefinitely. In the unstable 
case, the journal centre performs a direct synchronous precession. 
The amplitudes are limited because, in this instance, the pseudo~ 
gyroscopic forces act as damping forces. Maximum amplitudes occur 
near the single eritical speed of the limiting case. At largs 
values of the pseudo-gyroscopic forces, the natural frequencies of 
the system substantially differ from those derived without taking 
the pseudo-gyroscopic forces into account, Therein lies the 
difference compared with ordinary damping forces. When the pseudo- 
gyroscopic force is positive, the displacements Lead the forces in 
phase, which constitutes another difference compared with damping 
forces. In modern turbines and turbine generators, operating at the 
fundamental and several higher critical speeds, the bearing mounting 
stiffness is commensurate with the stiffnesses of the rotor and. the 
oil film. & representative system is a eircular rotor with uniform 
stiffness and mass distribution supported on two bearings eack. 
having 2 concentrated mass and a stiffness equal for all transverse 
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directions. The oil film stiffness with two principal values lies 
between the rotor and the bearing mass. The pseudo-gyroscopic 
forces are ignored for simplification since their qualitative effect 
has already been discussed. Selecting 4 rectangular coordinate 
frame transverse to the roter axes and coinciding with the principal 
directions of the oil film stiffness, assuming an unbalance in a 
single plane uniformly distributed along the rotor, which unbalance 
is expregsed by a certain eccentricity, and considering separately 
the cases of symmetrical and skew-symmetrical unbalance distributions 
in relation to the middle of the rotor length, the differential ra 
equations of motion of the pearings and of the rotor are set up. 

The boundary conditions are stated separately for the symmetrical 
and the skew-symmetrical modes of vibration. The solutions for the 
forced vibrations along each of the transverse eoordinate axes are 
formulated. The effect of a bearing with mass and elasticity acting 
through an oil film is equivalent to that of a bearing with two 
different dynamic stiffnesses in mutually perpendicular directions . 
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The condition of an in of amplitude yields the eritical 
speeds, which are foun the symmetrical and the skew- 
symmetrical modes of vibration. shows in non-dimensional form 
the natural frequencies derived by this procedure « They are 
referred to the natural frequency of the same rotor on rigid hinged 
supports. The frequency is plotted against the non-dimensional 14 
f the oil film with the non-dimensional bearing stiffness 
d to the rotor stiffness). All values 
apply to a bearing of the rotor mass (said to b9 
typical of modern turbo-generator rotors). It is shown that the 
f the oil film on the second critical speed (skew symmetrical 
the first (symmetrical mode). With 
, both speeds tend to zero. With rigidly 
system becomes 4 rotor on elastic massless 
supports. is given of the case when the equivalent 
masses of the bearings in the two principal directions are different. 
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Formulae are given by which the properties of the oil film can be 
derived from measurements, during rotation, of the absolute 
displacement of the bearings and the relative displacement of the 
rotor journals against the bearings. The magnitude and effect of 
the genuine damping force is as yet unknown. Reference is made to 
experiments carried out on the balancing rig of the "Elektrosila" 
works with a rotor weighing 43.4 metric tons on two supports with 
journals of 40 em diameter and 40 cm length. The pearing clearance 
was 0.3 mm. ‘The operating speed of the rotor was to be 3000 r.p.m. 
The analytically derived critical speeds for the rotor on rigid 
pearings without oil film were 1250 and 4000 r.p.m. respectively. 
Taking into account the pearing stiffnesses and masses, and the oil 
film stiffness, the fundamental critical speed splits into two, 
namely 797 and 1120 r.p.Mes designated horizontal and vertical, 
respectively, according to the approximate direction of the maximum 
displacement. The second critical speed of 4000 r.p.m. split into 
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1765 and 3060 r.p.m. respectively, These computations were made 
with the help of stiffness values derived from measurements of 
journal and bearing displacements in rotation. The measured values 
of the actual critical speeds agreed with the critical speed values 
predicted by the above procedure within a few per cent, 

There are 5 figures, 1 table and 12 references: 10 Soviet, 

1 German and 1 English. 


SUBMITTED: December 26, 1959 
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Technical Sciences, Raykhlina, B.B., Engineer and 
Rozenknop, V.D.; Engineer 


TITLE: The Calculation of Critical Speeds of Large Turbo- 
Alternators with the Aid of Digital Computers 


PERIODICAL: Vestnik elektropromyshlennosti, 1961, No.2, pp.1-8 


TEXT: Two difficulties arise in the determination of critical 
speeds of large machines; firstly, that the values of the various 
constants to be used in the computation are not always accurately 
known; and, secondly, that for shafts with many rotating masses 

and bearings, the numerical computations become exceedingly lengthy. 
The authors have solved the second problem by using a computer. For 
large machines the analysis should take into account the ‘elasticity' 
of the oil films in the bearings as well as the masses of the 
bearings and the elastic constants of their anchorages. These 
elastic constants are usually different jin the horizontal and 
vertical directions. On the other hand, the analysis can assume 
that the shaft is everywhere truly circular, and may neglect forces 
along the shaft, and gyroscopic effects. The analysis depends on 
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finding two modes of oscillation of the stationary shaft in two 
independent directions (corresponding to the horizontal and vertical 
elastic constants of the bearings); then the critical speeds of the 
shaft will be equal to the frequencies of these two modes. The 
partial differential equation for a shaft in oscillation is: 


2 2 2 
sie) y(t) , 2 Percy) Bebe) | -o, (2) 
gee ax? 9x" 


where x is the distance along the shaft, p(x) is the mass/unit 
length of the shaft at point x, EI(x) is the stiffness at point x, 
y(x,t) is the deflection of the shaft at point x and time t. 

The general solution of Eq.(2) is of the form: 


y(x,t) = y(x) cos grt (3) 


where {4 is a critical frequency of speed, With this general 
solution we can derive an ordinary differential equation: 


2 2 
=e [ee aya) | - yO? y(x) = 0. (4) 
x 
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and, with the aid of the differential relations 


aM 


-v; Gf-e, (5) 
ax = V3 


dx 


where M is the bending moment; V is the shear force, 8 is bie 
slope of the shaft, we can express Eq. (4) as two separate secon 
order differential equations: 


(6) 


and 


(7) 


The boundary conditions for the solution of pala hie Gu epkoenieer ag 
i i the bearings at the end o es ; 
be expressed by considering ee 
initi t each end, From many po 
e are initially two unknowns a 
Dencde of solution, the following was chosen? Eqs. (6) and (7) are 
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approximated by finite difference expressions. A value of frequency 
w which is within the range being investigated, but is not, in t 
general, equal to a critical frequency, is selected, and the 
equations are solved twice. For the first solution, one of the 
unknown boundary conditions at the left hand end of the shaft is 
given an arbitrary value of 1 and the other is made equal to 0. 
For the second solution, these boundary conditions are reversed, A 
linear combination of these two solutions is examined to see whether 
it satisfies the boundary conditions at the right hand end of the 
shaft. This will not, in general, be the case; for the boundary 
conditions will only be satisfied if w = fl. In general, therefore, 
a function @(w), which has the properties that 


G(N) = 0, and O(N + 60 ). ®(Q- 6NV<o0 


is calculated, Starting at the low end of the frequencies to be 
investigated, the equations are solved and O calculated for steadily 
increasing values of w. The presence of a critical speed in the 
neighbourhood of the current value of w is detected by a change in 
the sign of 6 (w). The exact value of the critical frequency can 
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then be located by searching between the last two values of or 
successively smaller Eee uae (ale e886) hae 1B 
i ia: tha , lL 
by one of two criteriait a (w) 
tai D ctual example solved, the shaft is represent’: ae ae 
i i i f masses connecte 
imation consisting of a number o 
poe ie bak mass-less shaft. Using recurrence Se neers 
ding moment a e 
i h as the shear force and ben : 
Macparpmgernne i-th mass in terms of these variables at the pre 
faas and the constants associated with the (i-1)th mass, the finite 
cieperenes equations can be solved: for example, the recurrence 
relation for the shear force at the pis mass is: 


(11) 
= r (8) 
V, = Vgey * ™a-171-2 


i i- ass, and ; is the deflection } 
ve ue FN Caay aaa serrate the recurrence'relationships take 

2 slightly different form at the positions of aaa ae 
Whenever a value of ( is determined by this sys ae seers 

of the actual deflected form of the shaft is made, e cr ies 
speeds of a large turbo-generator shaft about 29 m long, comp g 
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a 3-stage turbine and an alternator rotor, and supported on seven 
bearings, were computed on a "STRELA" (GTP€6JI1@ ) computer. The 
shaft was considered to consist of 122 masses, and the finite 
difference equations were solved in a corresponding number of steps. 
The flow chart for the calculation is shown in Fig,3. In the range 
of speeds investigated, 0 to 3800 r.p.m., the shaft was found to 
have 5 critical speedsfor vertical oscillation, and 6.for horizontal 
oscillation, One of the vertical critical speeds (2850 r.p.m.) was 


quite close to the running speed of the shaft (3000 r.p.m:.). Two of 
the critical speeds, including this one, were mainly due to 
oscillation of the rotor, and not the turbines. A separate 
calculation involving only the rotor showed that its own critical 
speeds were little affected by the presence of the turbine, The 
entire calculation took only 10 to 15 minutes, There are 4 figures, 
2 tables and 7 references: 5 Soviet and 2 non-Soviet. 


SUBMITTED: May 12, 1960 


Card 6/7 


APPROVED FOR RELEASE: 03/14/2001 CIA-RDP86-00513R001342820015-5" 


SS ook tees es oo EES) ROPES ETC RL Feo ab ee MEE Piet EG PEPER 


Eetiicdieed FOR RELEASE: Deira eUee SRD ESO Dua hue ieaceeurt> = 


SHER RIEAIN Hina pm asic 


$/110/61/000/002/001/009 
The Calculation of Critical Speeds... £035/E517 


Get “ye BD grea 


: j lees “ - 1o fae : 
>— Read hs 0,7 | “ase SS tay nds ae | 
p> LurO  j—>— eer \—>—lery co 
( dota rs BW [~ \cOneat Sulve ‘fe : »\- PIPL) 
———— , oe 


ae ee ate l 
| 
amen ’ 
ae ie 
ae Yes fi . 
util aR 
~ (rn M%oted 
N re) ee aporprimattly} 
cont BE Dp en ee > ieee K 
ee soe teks 
Yes ho 
| ¥= (wo) | van 
Y= (us) 4 je¥- O09) viet 
aw ceofr ss oe : we 


culore anal 


= ——- rink Dland — 


= ~ - tohaft deCltets j 


APPROVED FOR RELEASE: 03/14/2001 CIA-RDP86-00513R001342820015-5" 


